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SEMICONDUCTOR APPARATUS, METHOD FOR GROWING NITRTnc 
SEMICONDUCTOR AND METHOD FOK PROnUCINC SEMICONDUCTOR 

APPARATUS 

BACKGROUNU OF THP. INVENTION 
1. Field of the Invention 

The invftntion ralatee to a aemiconductor apparatus 
and epooifically rel«iUes to a semiconductor appar-atua, a 
method for growing a nitride oGmiconductor and a method 
for producing a semiconductor apparariis which are euitofale 
for a light em1^ting device and a light receiviiiQ device 
such as a light emitting diode (LKDJ , a laser diodo (LD) , 
a solar cell and a photosensor, and an elecLronlc device 
ouch as a transistor and a power deviea. 

2. Description or the Related Art 

A nitride somi conductor containing <Sd as a main 
constituent {a <3aN semiconductor) is utilized ao a 
material for an optical device such as a light emitting 
diode of blue light or violet light, a laser diode and a 
photodetector. Moreover, attention is given to the MaN 
eemiconductor a&i a high-performanne material for an 
electronic d«vice as well, because the GaN semlcondnrtor 
ia capable of satisfying high f rflquency and high electric 
power, and is highly reliable. 
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FUiUher, a ligHt emitting diode u&iiiq the GaM 
semiconductor ia known (refer to Japanese Unexamined 
Pauent Publication JP-A 4-321280 (1992), for example). An 
example of a structure yf such a light emitting diode is 
slipwn in Fig. 17. a GaN buffer layer 21 1» formed on a 
sapphire (AljOj) substrate 20, and on th« GaN buffer layer 
21 is formed a grnwth layer made of a GaN semiconductor 
layer having a multilayer structures mfarift by sequentially 
laminating an n-GaN layer 22 of the n-typa aeraiconductor • 
layer, an n-AlGaN cladding layer of the n-type 
semiconductor layer, an InCaN light emitting layer 24, a 
p-AlGaN cladding layer 25 of Che p-r.ype semiconductor 
layer and a p-n«M layer 26 of the p type semiconductor 
layer. In part or the growth layer, a region from the p- 
GaN layer 26 to (an upper portion of the «-GaN layer 22) 
le etched and removed, and thus p«rt of the n-GaN layer 22 
is exposed. The n-type electrode 20 is formed on an upper 
surface of the exposed region, and the p-type electrode 27 
is formed on an upper surface of the p-GdN layer 26 ot an 
uppermost layer. 

Since production of a single cryst,il svibstrar.w of 
the CaN aemiconduotor la difficult, there is a need to 
form a semiconrinctor apparatus using the GaN semiconrtuctor 
on a substrate made of a different Tnaterial. Although 
sapphire is g«nerally used as the substrate 20, a Si 



sub^trare, « ZnO substrate, an M^O-Al^o, («pinel) substrate, 
a Sic nubatrate, a GaAs sub5,^.rate and the like axe t^sred 
other than the sapphire substiaLe. 

In the case of growing th« CaM semi conductor layers 
on rhe aapphix« substrate 20, a problem is a lattice 
mismatch betweeix them. A relation of lattice oortstauLs 
thereof is as shown below. c3aN qrows in a direction 
rotated through 30" from an a axis on a o plane of the 
sapphir« substrate. Regarding sapphire, a iaf.i-lce 
constant a (which is d«*»cribed as in Table 1 described 
later) 1k 4.7580 A. An interval value (which is rtestribed 
as 32 in Table 1 described later when a lattice rotates 
throiigh 30- is 2.747 obtained by 4.758 X 1/1.737 (a 
numerical value obtained by multiplying a length of the a 
axis in a unit lattice of sapphire by l/i.737 becomes a 
reference). On the oth«r hand, regarding GaM, <a lattice 
constant a is 3,1860 A. 

A ratio Of the Jal-tiee mismatch of GaN with 
reterence to sapphire becomes +15.98 % (- TOO X (3.1860 - 
2.747) / 2.747). Thus, the lattice constant of aapphire 
is Significantly different fxum the latr.ice constant of 
GaN. couaeouently, a good quality crystal oanaot be 
Obtained when GaN is directly «rown on sapphire. Besides, 
it is possible to consider a substrate made of a material 
of another kind in the same manner. 
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In a prior art, in order Lo increase crystalline 
quality of the yiowch layer, a buffer layer made ol an AlN 
or tiaN material which is amorphous or polycrystalline la 
formed on the (0001) plane of the sapphire substrate 20 In 
advance, and the GaN growth layer is formed on the buffer 
layer. The buffer layer has a function of reducing the 
lattice mismatch between the G^Vl qrowth layer and the 
oapphire subs Urate and increasing crystalline quality. 

Further, in the case of a semiconductor apparatus 
ouch as a laser diode or a transistor which requires a 
better quality oryetal, after the GaN semiconductor layer 
is once grown on the single crystal eubatrate 20, Lhe 
single crystal substrate 20 is eliminated, and thnn the 
aemicoiiduutor apparatus is formed. Thio is because when 
the semiconductor apparatus is foiined on a substrate 20 
made of a different matfirial from tho oemiconductor 
apparatus, a crystal defect which results trom a 
difference in coeftir.i«nt of thermal expansion oc^curs in a 
coolLng process after crystal growth at. high temperatures 
of 1000 *c or more. 

Furthermore, in another prior art, there is also a 
method for growing the GaN semiconductor layer 22 in which 
a mask made hy patterning a SIO^ thin film is formed and 
the GaN semiconductor .is grown on the mask in a lateral 
direction, in order to avoid an influence hy the lattice 
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mlainatch wir.tx the substrate 20. 

However, since rhe ratin of the lattice mismaLches 
between t.h« sapphire substrate 20 and the GaN layer 22 ie 
as large aa 15.98 %, the <iaN growth layer 22 contains 
dislocations whose density is 10» Lo 10^^ cm"' ev«n when 
formed via the buffer layer y.l made of an AlN or QaN 
material. Moreover, oven a layer of a GaN crystal 
laterally grown after elimination of the sapphire 
substrata 20 contains dislocations whose density is 10^ to 
10' Gm-2. They contain ext:ren.«iy large dislooations as 
compared with GaAs grown on a GaAs substrate containing 
diolocations whuse density is 10* cm"* to lO' em'^. 

The dislocation density of Lhe GaN growth layer 
significauLly restricts performance of a oeniiconduct.or 
apparatus to be produced from this, and moreover, there is 
a need to Increase the amount of additive elements in the 
semiconductor layer for generation of sufficient, carrier. 
This has d problem of det.eriorating a characteristic of a 
semiconductor apparatus, such as a life, a w.li-bstand 
voltage, a driving voltage, consumed electric power 
(oper«i-ion efficiency), an operation speed or a leak 
current. 

Then, in a proposed art, qrowth of a nitride 
semiconductor on a diboride single cryotal substrate 
expressed by a chemical formula XB,, in which X Lontainc 



5 



ot least uae of T1 and Zr, Le proposed, 
[Table 1] 



TiD2 
Sapphire (AI2O3) 
CaN 
AIM 
BH 
ZnN 

Sic 

GaTia 
Si 



Latliico constaiiL 
[Aj 



:=t. 1696 
3.0.103 
87=4. 75bO, aa=2.747 
3.1860 
3. 1114 
2.3502 
3.54 

3.08 
4.00 
3,84 



Coefficient of 
thermal expansion 

[X io-Vk] 



5.9 

7.5 
5.6 
4.2 

5.7 

4.3 
8.7 
2.6 



Since the niLiide scanlcondiirtor is formed with a 
good lattice mat.rh relation with the diboride Single 
crystal oubstrate ixi this manner, a lattice defect in the 
growth layer is small, and crystalline quality of th« 
nitride film ia extremely good. 

However, in the aforementioned prior art, foi- 
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example, when. GaN is crystal-yrown as the n.ltrida 
semiconductor «a the dibori rie single crystal 3ub«Lrate, 
because of a change of a grow Llx temperature in a growth 
proccos, D in Lhe substrate diffuses into the crysLdl- 
grown R«M crystal, and a nitride semiconductor GaBN which 
contains a ternary 13 group (a former IIIB group element) 
is gnnerated on an interface between the GaN snd the 
cubstrate. In the case ot RM, as shown in Table 1, ^ 
mismatch of lattice constants becomes as large as 
approjjimately 20 %, as- compared with GaN ( for example, 
(2.hftn2-3.l696)/3.l69€ri9.5%) . Therefore, in the case of 
CaBN, which is a ternary nitride aemioonductor, a 
difference of lattice constants becomes signiti r^cintly 
large ds a mixed crystal ratio of B booomea large, unlike 
AiGaN, which is a ternary nitride semiconductor which the 
mismatch ratio of lattice constants is 2 % or less. 
Consequently, a lattice defect occurs on the interface 
even when GaN is grown on the diboride single crystal 
substrate as described above, and a good quality crystal 
cannoL be obtained. 

In recent years, research and development of a 
nitride semiconductor which contains at least one selected 
trom among B, Al, Ca, In and Tl have beoome active, and 
applied LechnlQue has rapidly developed. Then, at present, 
a light emitting diode of yi«en, blue and ultraviolet, a 
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laser diode of blue and violet:, and Lhe like using the 
nitride semiconductor is put to practical use. 

In specific, (InN)^(GaN)i.^ whose band yap covers 
from rmd to violet and (AlN),, (GaN) i.^N whose band gap 
covers from violet to ultraviolet ax« positioned main 
materials among III yroup nitride semiconductor o, because 
the former matcAs it possible to realise a device emiti-ing 
light of blue green, blue, violet or the like which waa 
not realized before, and the latter makes it possible t.o 
expoct application as a light source for meaeurcment> 
sterilization or excitation. 

The III group nitride semiconductor is grown from 
vapor phase on a single crystal substrate made of sapphire. 
Sic, GaAs, Si or Lhe like by a MOVPE (Metalorganic Vapor 
Phase Kpitaxy) method. 

The III group nitride aemlconductor ifi a hexagonal 
symmetry, and a-axis lattice constants of inN, GaN and AIM 
aro 0.311 nm, 0.319 nm and 0. nm, respectively. 
Moreover, respective lattice constants of (InN) ^ (GaN) j.. „ 
and (AlN)^(CaN)i_x are values in a middln range of tho 
respective aforementioned lattice constants of inN, GaN 
and AIN dependiuy on x. 

However, since intervale between atoms thar. sapphire. 
Sic, CaAs and si should achieve lattice matchco with the 
III group nitride semiconductor are 0.275 nm, Q.JOH nm. 
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0. 400 nm and 0.394 nn,, respectively (r«fer to Table i, , 
and substrates which con«,letely achieve l..i:tlce matches 
arn not obtained. 

in Lhe meantime, in another prior art c technique on 
a low-temperature buffer layer is proposed (refer to 
Japanese Examined Patent Publication JP-B2 4-15200 (1992) 
and Japaneec Patent 3026087, for example) . 

IL is possible to grow a good quality crystal on the 
lattice miematching aubsLrates described above by uaing 
these techxiique, however, penetration dialocation« of 
approximately 10« crr.-^ to lO" cm"^ still exitss. Moreover, 
differences in the coefficient of thermal expansion 
between the above single crystal substrat.«s and the 
nitride semiconducror are large, and a difference in 
contraction amounts after crystal growth a^ a high 
temperature of approximately looo 'c causes crttc)cs. 

As a method for solvlaq these problems, in another 
prior arc a techniTXie of growing a nitride semiconductor 
on the (0001) plane of a ZrB^ single crystal substrate is 
proposed (refer to .T^paneae Unexamined Patexxt Publication 
JP-A ?002-43223) . 

The zrBp Single crystal substrate is a hexagonal 
syirnn^try, and a lattice constant of an a «xis is 0.317 nm 
(refer tu table 1), which completely achieves a lattice 

uiatch With 0.7 a of x of « 

X or v/^ANj^ (GaN) i.jj. Moreover, the 
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coefflclenr. ot thermal expansion is 5.9 a 10 «'K-^ which ic 
a close value to 3.6 X IQ-^K"* of that of <3aN. 

furthftr, the ZrB^ single crystal substrat.n, whose 
resistivity is as «mall as 4.h pQ.cm, is electrically 
conductive, on the other hand, a sapphire substrate 110 
generally used ds a substrate «p to now ie insulative, and 
there£or«, a light emitting d±od« lormed on the s;,pphire 
substrate has a structure such that two slectrodea 101 and 
109 are disposed on tho oome plane side (the upper side of 
the oubstrate 110 in Fig. ifl, as shown in Pig. 10. 

Thft structure shown in Pig. 18 is a Structure in 
which a low-teniperacure buffer layer 107, the n-type 
contact layer 106, the n-type cladding layer 105, a light 
emitting lay«x 104. the p-type cladding layer 103 and the 
p-type contact layer 102 are sequentially laminated on a 
sapphire substrate 110, and furthermore, a p electrode 101 
is torm«d thereon. Moreover, an ii electrode lUS is formed 
on an exposed surface ot thR n-type contact layer 106. 

As described above, in the last one or two years, 
research and Uevelopment of the technique of growing the 
nitride .semiconductor on the ZrBz single crystal substrate 
have progressed. 

Acrording to >^Abs,tr. 13th Int. Conf . Crystal Growth, 
Aug. 2001, 02ct-SB2-20'', a technique of enabling growth of 
can on the (0001) plane of the ZrBz single crystal 
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substrate by an MBE m«tliod is pxroposed. 

However, thio technique has a problam that it ±a 
inferiox- in mass prortnction becauae it use. the MBE method. 

Further, a technique yf growing GaN on the (0001) 
plane of T:he zra, single crystal Gubatrate by using an AiN 
buffer layer by the MOVPE method is also proposed (refer 
to Ext. Abstr, (b^nd Autunm Meet. 2001); Japc.i, Society of 
Applied Physics, 12p R-14). 

Further, in th« prior art, a CaN film gruwa on the 
(0001) plane of q Zxhz single crystal snhstrate by an 
MOVPE method has a problem that a surface shape Lhereof 
tends to become uneven as shown in Fig. lA. 

As described above, in tho oaoo of growing d nirride 
semiconductor on the (0001) plane of the 7.vB^ single 
crystal substrate by using an AIN buffer layer, it is 
desired to reduce unevenness appearing on a surface shape 
thereof. 

However, accordiny to both the t«rhniques, in tho 
GaN rilm grown on th« (0001) plane of the zrBz single 
crystal substrate, a rocking curve hslf value width of 
(0002) plane omega scan by an X-ray diffraction method, 
which becomes an indicdUor of evaluation of quality, is 
appxoximately lOoo s«nond», which io „ot sufriciently goort 
(refer to «study on the crystal growth and properties of 
group-Ill nitride .semiconductors on ZrBj substrate by 
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metalorganic vapor phase, epitaxy" „»aater' , Lhesls writt.^n 
by Jfohei Yukawa, graduate acl.ool or Mei^o Oniversity, 
2001) . 

Furthermore, oince AlN is lnsulatlv«, when the light 
emitting diode or rhe 1 i ke with the structure shown in 
rig. H as described later is produced, resistance from the 
nitride semiconductor layer to the oubatrate becomes high, 
and an operation voltage becomes high. 

S.Lill further, a band gap of AlN ia as larqe as 5.2 
eV, and therefore, it ia diffiuult to decrease resietancc 
by doping . 

Tn the aforementioned priur art, wh«n the nitride 
aemicouUuctor is grown on the (0001) plane of the ZrBa 
single crystal aubatrate, resistance irom the nitride 
«emicuuductor layer tn the substrate becomes high, and the 
operation voltage becomes high. 

In recent years, » nitride eemioonductor such as 
gallium nitride (GaN) , ii.dium nitride (TnN) or aluminum 
nitride (AlN) is us«d as a material for an optical device 
such as a light emittiuy diode of blum light or violet 
light, a laser diode or a photodetcctor, because the 
nil-ride semiconductor is a cpmpound semiconductor of 
direct txaiisitlon type, and has a wide band gap. 

Further, oince the nlLiride semiconrinctor is capable 
of satisrying high frequency or high electi.l<; power, and 
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is hiyhly reliable, th« nitride aemicoxiducror is noted as 
a high-performance nuiLerial for an electronic device. 

Op to now, there ie no substrate that achieves a 
lattice match with th« nitride 8 emi conduct or . In a 
conventional art, the nitride aemiconduutor la grown toy 
the use of a substrate made of a maft«rial, such as a 
sapphire substrate different kind from nitride 
semi conduct er . 

However, for example, regarding the aapphire 
substrate and GaN, a r.iLio of latclr.H mismatch is 13.8 % 
and a dlf£erenr.« in the coefficient of thermal expansion 
is 3,2 X 10-Vk, and LUere Is a problem resulting from the 
mismatch siioh that dislooationo of lo^ to lo'" cm"^ arises 
in the GaN film because of a crystal defect caused on an 
interface between the sapphire substrate <*na the GaN film. 

Further, becduse of the detect and thermal 
distortion, f.hR GaN film ia warped, and cxyatalllne 
quality is sigwiricantly deteriorated. 

furth«rmore. considering productiuu of a device such 
as a laser diod«, the nitride semiconductor is formed on a 
substrate made of a material of different Kind from rh« 
nitride aemiconducLor such as GaN and the like, and 
therefore, ther« arises such a problem that, in the case 
of forming a reflection surface of a laser resonator. 
Cleaved planes of the substrate made of a material and the 
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nitrido Gen^i^onductor ar« different, and that, rormarlon by 
Cleavage i., difficult. Accordiagly, a good qvaality 
nitride semicwiductox substrate hae been expecl-ed. 

liowever, regarding the nitride semiconrtnntor such as 
GaN, a meltinq point is high and a dioaociation pressure 
Of nitride is high at the meltiny point, and therefore, 
production of a bulJc single crystal io difficult, 
consequently, as described before, for example, hy growing 
a thick film of GaN on the .sapphire substrate and Uien 
separating the sapphiro oubatrate, which is made of a 
material of different kind from GaN, and the GaN thick 
film, thft nitride semiconductor apparatus is produced- 

However, in the step nf separating the substrciLe and 
the nitride semiconductor in the aforementioned production 
method, a meLUod of abrading the substrate arises a 
problem that streeo from the nitride semiconductor thick 
film becomes large as the substrate becomes thin, and that 
the stress acts on the substrate, thereby worsening a warp 
thereof and causing cracks. 

Tn the meantime, as priur arc another separation 
method, there Is, for example, a method of separaLiag by 
locally irradiating the interface between the sapphire 
substrate and the GaN think fiixn with a laser liqUL beam 
and suhliming the interface (a laser lift of 1^ method) . 

However, according to this method, only a ^iu«ll part 
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of the interface is separated because an area irradiciLed 
la small, and stress concentrates on d small attaching 
part, with the insult that cracfcrs are caused. Moreovex,. 
since the arflfl irradiated is small, a Lime period tor 
treatment is lung. 

By thn way, as a method for reducing dislocations 
caused in the ititride seitiicondnr.tor thick film, an BLO 
growth (Epll-flyial Lateral Overgrowth) method is proposed. 

The conveialonal ELO growth method is exemplified in 
Fig. 19. 

After an AIN buffer layer HP! is grown on a oapphire 
substrate as shown in Fig. ida, a firsL GaN layer 
is grown as shown in Fig. 19a. 

After that, a SiOg film 325 ic formed on Uie first 
GaN layer 322 as ahown in Fig. 3 «jr, and a slit line of 
SiOa is formed in the [11-20] direction in ma«k treatment 
ao shown in Fly, 19D, 

Then, a second GaN layer 323 ia grown again as shown 
in Fig. 19E. 

Pincilly, the sapphire substrate 320 is separated as 
shown in Fig. I9r. The second RsN layer 323 grows from a 
«lit window, and completely fiiio in the siOa line to 
become a flat film, because a spe«ri of a longitudinal 
growth m the [l-lOO] direction is faster than a speed of 
growth in the fOOOl] direction. Although dislocation 



I 

15 



curves in a longitudinal airection m ^ceordan'oe with the 
longitudinal growth, and penetration dialocaLions on Che 
SiOg linA can be reduced, the penetrarlon difl locations 
concentrate on a part Of the SiOg slit window. Thererore, 
in order to produce a device by selecting a region with 
small penetration dislocation, it ia only necessary to 
carry nut mask treatment on the SiOa line. 

However, aince SiOj is filled in, it io difficult Lo 
carry nnt mask treatment on Sio,. Moreover, since curved 
diolocations concentrate on a central portion on the SiOj 
line, there arises a problem of Inclination of crystal 
orienLdtion In a hnr-izontal direction of the substrate, 
for example. Furthermore, since crystal growth is carried 
out while SiOa is contained, diffusion of Si and oxygen 
atoms occurs. In addition, the BLO growth method needs a 
complicated prodwctlon process, and therefore, brings 
about cost increase. 

AS descrlbftd above, according to the uoaventional 
production methods, when the substrate made of a material 
of different Jclnd from nitride ocmiconductoi and the 
nitride semiconductor thick film ars separated, stress 
resulting from differences in lattice cons Lents and the 
coefficient of thermal ejiiuansion caus«s a warp and cracks 
on Lhe produced nitride semiconductor apparatus. Moreover, 
the production process is complicated in the ELO growth 
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that reduces dislocations, and it is dittinult to keep 
away from a portion on the which penetration dislocarlon 
density concentratcG, and to carry out the. mask treatment 
on contained 3±0^. Furthermore, there arises a problem or 
inclination of eryotal orieuLation in a hori frontal 
direction oJT the substrata because of curved dialou,*tion, 
for exaxcq^le. 

STlMMARy OF THE INVENTION 

Accoidingly, ths present invention was made in 
cnnsideratibn of the aforementiuned problems, and an 
object thereof is to provide excellent semiconductor 
apparatus and production methods with a small latt-ice 
defecL by which a good characteristic can be expected. 

Another object of the iiivexition is CO provide a 
semicoiiductor apparatus and production methods which, for 
example, at a time of growing the nitride semi conductor on 
the (0001) plane of a ZrBa single cryotal substrata, makes 
eJfintrie resistance from the lULride semicondnr.tor to the 
»ubsn«te to be smalJ and increases crystalline quality of 
th« nitride semiconductor grown. 

Still another ohjftct of the invention is to provide 
a semiconductor apparatus and production methods to reduce 
unevenne«s appearing on surface shape thereof in the case 
of growing a nitride semicoiiduutor on the (Onni) plane of 
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the diboride ainqle crystal substrate by using «in AlN 
bufrer layer, it is deaired to reduce unevenn«ss appearing 
on a ourface shdpe rhereot, 

Srlll Another object of the invention th«reof is to, 
in a nitride semiconductor apparatus, avoid a warp and 
cracks at t.he apparatus and decrease dislocation density, 
and to provide a nitride a «ml conduct or apparatus and 
production methods which are uniform. 

The invention provides a semiconductor apparatus 
comprising: 

a substrate made of a diboride single crystal 
expressed by a chemical formula XBa/ in which x includes 
at least one or Ti, Zr, Nb and Hf; 

a semiconductor buffer layer formed on a principfll 
surface of the substrate and mad© of Aly<5ai.yN (0 < y ^ i) ; 



and 



a nitride semiconductor layer formed on the 
semicunductor buffer layer, including at least one kind or 
pjur-al kinds selected from among 13 group elements and As. 

Further, the .1 nvention provides a . semiconductor 
apparatus comprising; 

a substrate made of a diboride single crystal 
ftxpressed by a chemical Tormula Aba, Jn which X includes 
at least one of Ti, Zr, Nb and Hf; 
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a semd conductor buffer lay«x formed on a principal 
surface of the substrate and made of (AIN) (caN) i-, (O < x 
^ 1); And 

a nitride aemiconduccor l«yer formed on the 
semicondunhor buffer layer, includina at least one kind or 
Plural kinds selected from among 13 group elements and A« . 

0-1 S X ^ 1.0 is preferable. 

Consequently, diffusion of B, which is a main 
element contained in a diboride siiiyle crystal anhstrate, 
and formation of d nitride a«Tiii conduct or containing B ua 
an mtertarte between the substrate and a nitride 
semiconductor are avoided, and it is poesiblo to obtain d 
nitride semi r endue tor with a small crysLal defect, which 
io good quality and excellent. 

m tho invention, the substrate is of ZrBa or TiBa- 
In the invention, the anhstrate is a oolid solution 
containing one or a plurality of impurity elements of 5 
atom % or less, the one or a pUirality of impurity 
elements b«ing selected from a group consisting ot Ti, Cr. 
Hf , V, Ta and Nb when the suh5?trate is of ZrB^, or 
selected from a group conoisting of Zr, Cr, Hf, v, Ta and 
Nb when the substrate is of TIRa, 

In the invention, the thickness uf the semi conductor 
buffer layer made of (AlN) « (GaN) ^.^ is within a range of 10 
to 100 nm. 



19 



I 



I 



In the invention, * of the semi conductor buffer 
layer made ot (A1.n)« (GaN)i.H is O.l ^ x g i. 

In the invention, x of the seirl conductor buffer 
layer made ot (A1N)« (GaM) is o.4 ^ x ^ 0,6- 

In the invention, an angle ei formed by a normal 
line of the principal surface of the subatr^iLe and a 
normal line of Lhe (OOOl) plane of the subetrote is 0» ^ 
ei ^ 5". 

Further, the invention provides a method for growing 
a nluride seminnnductor, conpriaing; 

on a oubatrate of <i diboride single crystal 
expxe«sed by a r.h«mlcal formula XB., in which X includes 
at least ono of Ti, Sr, Nb and Hf, growing Al^ax-,N layor 
(0 < y ?S 1) from vapor phaoe, and subsequently, growing a 
nitride semiconductor l-yer Including at. least one kind 
selected from among 13 group elements and As from vapor 
phase. 

Further, t-.he invention provides a m«Uiod for growing 
a nitride ocmiconductoj. , comprising: 

on a substrate of a diboride single crystal 
expressed by a chemiccl formula XRg, in which X includes 
-U least one of Tl, Zr, Nb and Hf, growing an (AlN). (GaN) x- 
« layer (0 < x SS 1) from vapor phase within a tempereiLure 
rax.ge of more than 400 "c and loos than 1100 "C by an 
MOVPE method, and subsequently, growing a nitride 
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semiconductor layer inoluding at le<i«i: one kind selected 
from among 13 group elemenrs and As from vapor phase, 

in thft invention, the thicknuas of. the (AlN)H(GaN) 
layer ic within a rdnqe of 10 to TOO nm. 

According to the invention, as In the aforein«ntioned 
structure, as a result of growing an (AlN)^ (CaN) layer 
(0 < X S 1) from vapor phaae un the diboridft single 
oryotal substrata by an MOVffi mftthod, and preferably, 
defining the thickness of this layer within a range 10 
nm to 100 nm, resistivity of (Al N) « <GaK) becomoa lower 
than that of AIN, with tho result that resistance from th« 
nitride semiconductof to the substrate is decroaoed, and 
quality is increased becauoc an a-axis Id ttice constant, of 
(AlN)x(GaN)i_« in closer to an ataxia lattice constant of 
the (0001) plane of the ZrBa single crystal than AlN. 0.1 
^ X ^ 1.0 is preferable, when x is lesa than 0.1, c»a 
(AlN)«(GaN)i^ layer formed on the subattdLe made of XBa 
booomes to be exfoliated easily. 

turthRr, it is possible to deciease resistancf* of . 
(AlN)x(GaN)i_« by doping, with the result that it is 
possible to reduce resistance from the nitride 
somiconductor Lo the substrate. 

AS dearribed above, according to the invent i on , in 
the case of grov/ixiq a nitride semi conductor layer which, 
contains ai- least one selected from ainong B, Al, In 
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and Ti on the (0001) plane of the diboride single crystal 
suustrate expreeacd by a chemical f ononl a XB^, i„ „hich X 
contains at least on« of Ti, 2r, Nb and «£/ by the MOVPR 
method, by growing th« (AlN) « (GaN) x-h layer (0 < x ^ 1) 
between the diborid« single crystal substx^iLe and the 
nil-ride semiconductor lay«x,- at 400 tr» 1100 "c, and 
prefeidbly, growing to film thickness of 10 tun to 100 nm, 
crystalline quality of the nitride semiconrtuctor is 
incre^iaed as apparent from that a rocking curve half value 
width of (0002) plane omeqa scan by an x-ray diffraction 
method is a value smaller than 1000 oeconds. Therefore, 
according to the invention, <i characteristic and the yield 
of a device such as a l i ght emitting diode produced on the 
y.rBz single cryotai aubstr<4Le are increasftd. 

Further, according to the invention, serial 
resistance ia decreased because resistivity of 
{AlN)x(GaN)i.v is lowftr than that of AIM. PuiUiermore, it 
is possible to decrease xesistance ot ( A\N) « (GaN) by 
doping, so that it is possible to reduce resistance from 
the nitride ocmiconductOi to the substrate. Consequently, 
it is possible to rtftnreas© a driving voltaqe of a lighr 
emitting diode of type shown in fig. 3, which makoo it 
possible to obtain a large number from one wafer. 

In the invention, th« semiconductor buffer layer is 
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in r.he invention, the thickness ot the sexnioonductor 
buffer layer made of AIN is 10 to 250 nm. 

in i-he invention, an angle ei formed by a normal 
lino of the principal surface of the eubotrate anU a 
normal line of the (0001) plane of th« substrate io 0» S 
01 ^ 0.55". 

Further, the invention provides a method for growing 
a nitride semiconductor, Romprising: 

on the (0001) plane of a Subscrate ot a diboride 
single cryst^il expressed by a chemioal formula XB2, in 
Which X includes at least one of Tl, zr, Nb and Hf, 
growing an AlN layer from vapor phase so that a deviation 
angle of a normal lino- of a surface of the substrate from 
a directioii of the [OOOIJ becomes O.SS degrees or less, 
and subsequently, growing a nitride semiconductor layer 
including aL least one Jcind selected from among 13 qroup 
elements and As from vapor phase. 

In the invention, the thickneee of the AlN layer is 
within a range of 10 to 250 nm. 

AS Uescrlbed abovft, according to the invention, in 
Che case of growing the nitride semlcondnctor layer 
containing «it least one: ssLected from among B, Al, Ga, In 
and Ti on the (OOOl) plane of th« diboride single cryetal 
substrate expressed by the r.hemical formula XBa, iu which 
X contains at least one of Ti, Zr, Nb and Hf, by the MOVPE 
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method, by uoing a raet-Uod of growing an AlN layer of 10 
to 100 nm on the (0001) plane of the dibotlde single 
crystal oubstrate aL 800 "C or i««s and thereafter growiuy 
the nitride semi r.onduc tor layer containiiia at least onA 
selected from among B, Al, 6a, in and Ti. wherein a 
subaLrate in which s deviation angle of a normal line on a 
surface of the diboriJe single crystal substrate from a 
[OOOll direction of di^boride crystal is 0.55" degrees or 
leas io used, it ia possible to grow a nitride 
aemiconductor layer which hao a smooth surrace. 

Ab mentioned above, in a constitution that the 
burJTer layer is made of AIM, the de^riation axitgl-e 61 is 
selected less than O.Sp". Thereby, it 1« possible to 
prevent an undesirable- soaly asperity froiu being formed on 
a surface of the nitxide semiconductor layer formed on the 
buffer layer. 

The thickness of 'LUe semiconductor buffer layer mode 
cf AlN is seierted in a range of 10 nm to 250 mh. In Che 
case of less than 10 imx, the effect of the semiconductor 
buffer layer is insufficient and the scaly asperity exlsi-s 
on the surface of th« nitride semiconductor layer formed 
on the semiconductor buffer layer, in th« case of larger 
than 250 nm, film quality of the nir.ride semiconductor 
layer formed on the semiconductor buffer Idyer jaecomes bad 
and a crystal layer ds the nitride semiconductor layer 
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formed on the aemiconductor buffer layer, which crystal 
layex- is formed above a crystal plane of the subst:rat« via 
the semiconductor burrer layer, d«grades. 

Therefore, by the use of the invention, a device 
such as a light emitting diode producRd on the ZrBa single 
crystal substrate nan be produced on a smooth plane, «ncl a 
characteristic and Lhe yield thereof are increased. The 
Lhicjcness of th« semidonduotor buffer lav«r is so selRcted 
as to become thinnei Lhan the thicJcnmss of a crystal layer 
made of nitride semiconductor formed on th« semiconductor 
buffer layer first. 

In the Invention, the substrate is uroded and 
removed by etching. 

fc-urther, the invention provides a method for 
producing a semiconductor apparatus, comprising: 

eroding and removing a diboride single crystal 
substrate of a semiconductor apparatus obtained by the 
aforementioned method for growing nitride semlconductor.s 
by etching. 

Further, the invention provides a method for 
producing a semiconductor apparatus, comprising the steps 
of: 

carrying out crystal growr.h ot a nitride 
semiconductor l«yer on one principal surface of a singJ « 
crystal oubstrate of a hexagonal crystal symmetry having 
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electrical conductivity/ and 

eroding aiid removing th« single crystal substrate by 
etching. 

In the invention, the single crystal eubotrat© ia a 
substrat.ft of a diborido oingle crysLal expressed by XBa, 
in which X includes at least on« of Zr and Ti. 

Tn the invention, in growing Lhe nitride 
oemiconductoi layer from vapor phase, a nitride 
semi conductor layer grown firstly i» an Al^Gai-nN iay«r (0 
< X ^ 1) , 

Tn the invention, a mixed solution of at least 
nitric acid and hydrofluoric ar.id is used for the etching. 

Ar described above, according to a method for 
producing a semiconductor apparatus of the invention, by 
going through the step of carrying ouL crystal growth of a 
nitride aemiuonductor layer on one principal surface of a 
single crystal substrate of a hexagonal aymmetry struotnre 
having elecLxical conductivity, and the step of eroding 
and removing the single crystal subsLrate by etching, tt 
is possible to avoid a warp and cracks of the 
semiconductor apparatus, decrease dislocation density, 
curve dislocation, prevent inrlination of crystal 
orientation in a horizontal direction «£ the semi conductor 
apparatus, aiid thereby provide a nitride semiconductor 
apparatus in which in-plane unifoimity of dislocation 
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density ia good. 



BRIEF DBSCniPTION OF THE DRAWINGS 

Other and further object a, features, and advantages 
of tho Invention will be more explicit from the following 
detailed dear.ription taken with reference to the drawings 
whorcin: 

big. 1 is a sectional view schematicilly explaining 
a eomicbnductor apparatus of the 1 n vent ion; 

Fig. ? is a sectional view showiny a dibbride singla 
crystal substrate (chemical formula XRa ) of the 
semicondiir.tor apparatus shown in Fig. 1; 

Figs. 3A and 3B are crystal structural views of XB^ 
respectively; 

Pigs. 4A and 4B are crystal strnr.tural views of XB^ 
respect iveJy; 

Fig. 5 is a view showing a surface state B of CaN 

film; 

Fig. S is a view showing a surface state A of <3aN 

film; 

Pig. 7 is a graph showing a relation betwden an 
angle formed by a normal line of a principal surface of 
the substrate and a normal line ot the (OOOl) plane and a 
surface state; 

Fig, 0 is a schematically sentional view of the 
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semiconductor apparati.^ in which a Stride semiconductor 
layei is formed on a ZrBj single crystal substrate; 

Fig. 9 is a view showing of photographs of ourfaces 
of GaN films; 

Pig. 10 is a line view showing a relation between 
film thickness ot (AlN)«(GaN>,_, and x-ray halX value wirit-h; 

Fig. 11 is a st:hejnatlcaily sectional view of the 
iieiniconducror apparatus in which a nitride seiiii conduct or 
layer i£3 formed on a ZxB2 single crystal substrate? 

Fig. 12 i« a line view showing a relation between an 
off angle of a substrate surface and surl'ace state; 

Fig. 13 .1R a view showing a surface stdLe (surface 
state B) of GaN film; 

Fig. 14 is a view showing q surface state (surface 
state A) of CaN film accorUinq to the invention; 

Figs. ItA thorough 15F are process views showing a 
method for producing a sexuiconductor substrate of the 
invention; 

Fig. 16 is a cryscal Structural view of diaboridc 
single crysta.l described ae ZxB-^t 

Fig. 17 is a sectional view explaining a 
conventional semiconductor apparatus; 

Pig. 18 is a scheiiitttically ser.r tonal view of the 
semiconductor apparatus- in which a nitride s««iiconductor 
layer is formed on a sapphire substrate; and 
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Kigs. 19A through 19F a*« process views showing a 
method for pxuciuclng a conventional scmiconducL^r 
substrate. 



UETATT.ED DESCRIPTION 

Now xererrlng to.th« drawings, preferred embudiments 
ot the invention are described below. 

Pig. 1 is a sectional; view showing a semiconductor 
app;,ratus according to one exiOyodiment of th« Invention. 
Fig. 2 is secrlonan view showing a diboride single 
crystal substrate (ohemical foxiaula XB, ) 10 of 
oemiconducloi- apparatus shown in Pig. i, a normal line of 
a principal surface 34 of the substrate 10 is inclined 
with re:.pect to a cryst;»l axis 32 which is a [OOOl] axis 
perpendicular to a (0001) plane 31 of the substrate 10, by 
an angle 61, which is larger than or equal to 0* a«d less 
than or equal to 5* <0* SS 61 ^ 5"). Th«t is, it is 
preferable that the dlborida single crystal substrate 
(Chemical formula XB.) 10 of Lhe present invention is the 
substraLe 10 such that the (0001) plane 31 or a plane 
Obtained by inclining the (OOOl) plane 31 by Q" or more 
and S" oi. less in an arbitrary direction ie defined as the 
principal surface 34. In order to make crystalline 
quality of a nitride semi r.onduc tor layer 11 through 16 
grown on the substrate 10 to be fine, and obtain a 
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aeiuiconductor apparatus which has a more excellent, 
characteristic, an anqle 61 formed by a normal line 33 of 
a principal snrface 34 of the substraLe and a normal line 
32 of the (0001) plane 31 is set to 0- or mere and leas 
than 1.7- (0- ^ 91 < 1.7'), Prer«rably, the angle is set 
to 0" or more and less than (6" S 91 < 0.7"), 

Further, >t (01-10) plane, q (11-20) plane, a (01-12J pJsnR 
and oo on, other Lhan the {OOOIJ planR, can also be uocd 
as the growth principal plane. Oymbol of '-1' and 

2' by Miller index expression represents an inverse (bar) 
symbol, and the sane applies in the following description. 

In specific, TiBz and ZrBa wherein X is Ti and Zr 
have ditterences in lattice constant of 2 % or less in any 
composition of the nitride semiconductor made of Al, Ca 
and N Which are elements constituting the e«iulconductor 
buffer layer. For example, in a semi nonductor apparatus 
in which the nit-ride semiconductor is AlN and Lhe 
Bubotrate is constituted by -^tHj, r^f erring to Tabic 1 
mentioned ahnve, the difference in lattice constant is 
(3.1696-3. 1114) /3. 1114 » 1.9 Thus, they become a 

combination nf extremely high matching. The lattice 
constant of the iilLride semiconductor containing Al or Ga 
and N, namely, AlyGaa,yN (0 < y ^ i) , is in a range of 
3.1114 to 3.1860 with reference to Table 1 mentioned above. 
According t.n the invention, it is enough that at least one 
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of the elements of Ti and Zr on diaboridc siagle crystal 
substratR is contained, and both Lhe elements nf Ti and Zr 
may be contained, 

A rrystal structure of X82 Is a hexagonal symmetry 
otructure referred to as an AIB2 struaturo os ahown in 
Figs. AA, 3B. This structure is similar to a wnrtrite 
structure or a GaN cryjSta I shown in Figs. 4A, 40. in 
specific, regarding a match relation of crysra 1 lattice 
between Uie (0001) plane of an XBg crystal of Ti or Zr eixiU 
war* or AIN, as shown in Table 1, a difference in lai-tice 
constant b«L ween TIB, or ZrBa «nd GaM or AlN io 2 % or less 
in any combination, and therefore, Lhey can be consiriered 
as a combiiidLion of extremely high matching. 

For forming ocxniconductot buffer layer in crystal 
growth, a molecular beam epitaxy (mbe) method, a 
metal organic vapor phase epitaxy (MOCVD) method, a hydride 
vapor epitaxy (HVPB) method, a sublimation method and the 
lllfft are used. Moreover, it is poasible to appropriately 
combine the aforementioned growing methods as well. For 
exaniple, it is poooible. to use Lhe MBE method, hy which it 
is possible to grow whSl« controlling a surface staLe, for 
initial epitaxy growth, and use the HVPe method, by which 
it is possible to grow ar high speeds, for a thick GaN 
thin "f 7 Im required- 

Next, after a butter layer 11 ie formed, a nitxiUe 
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semiconductor which contains a J. 3 group (former IllD 
Qroup) elemenh to be aimed io formed. Here, crystal 
growth of the niLride semiconductor is carried out at 
qrowth temperatures of 7O0 "C to 900 'C. AL this moment, 
B, which is a main element contained In the diboridc 
single crystal substrate 10, diffuses from d substrate 
side into the niLride semiconductor of the buffer layer 11 

In thft invention., a asomiconductor burrer layer 
oompoaed of at least «lGaN is used as the buffer layer 11. 
in the nitride semiconductor, an interatomic disLance 6£ 
AIN ia smaller than interatomic distances of InN and GaN. 
Therefore, crystal bond in AlN io stronger than Lhose in 
InN and GaN, and Ulffuslon of U trom the diboride single 
crystal substrate in AIN io leas than in InN and GaN. 

Further, as shown in af oremention«d Table 1, inN and 
InGaN largftly mismatch with the diboride ; siiiyle crystal 
eubetrate in lattic« constants, and therefore, in. the oaoe 
or using TnN and InCaN as the buffer layers and carrying 
out crystal growth directly on the substrate, a lattice 
defect or the like ooouro . On the contidxy, in the 
invention, it is preferable since AlRaN matches with the 
diboride single crystal eubotrate in lattice constants. 

Further, in specific, the nitride semiconductor 
containing the 13 group element contains one or more 
selected from among Ga, Al, In, H and Ti and moreover may 
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contain As which is rhe 15 group element. 

Regarding the diboridc oingle crystal, assume one or 
more kinds of impurity elements fl«lected from among Cr, Hf 
V, Ta and Nb^ which are 4 group to 6 group (former IVA 
group to VIA yxoup) elements, am solid solutions of 5 
atom % nr less. This is because when tlie impurity 
elements arw more than 5 atom a value of physical 
property shown in Table 1 and a value of specific 
resistance of Uie substrate vary, which is not preferable. 
Tr. is possible by containing Cr of 5 aLuxii % or less to 
expect an efiTect of inhibiting growth of crystal grains of 
T.hp. nitride semiconductor layer, and Lherefore,. it is 
preferable fox forming a good layer without occurrence of 
crank5& or the like. 

In this wdy, according to the invention, it ia 
pofi.csible to avoid diffusion of B, which is a main element 
contained in the dlboride single crystal substrate ^ and 
tormation of a nitride semiconductor containing. B on an 
interface between the substrate and the nitride 
semiconductor, and it is possible to obLdia a good quality 
nitride semicuxiductor with a small lattice defect, and 
thns, it is possible to obtain a semicjuaductor device 
which has an excellent chari^nl-eristic . 

Resides, a nitride semiconductor apparatus (a light 
emitting diod«) which contains th« 13 group element shown 
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in Fig. I will be described as an embodiment of tne 
invention. 

A GaN layer is grown on the (0001) plane of a 
Bubctrate 10 of ZrB2 by the inolecm;^r beam epitaxy (MBE) 
method- On a ZrBz single crystal subsLrate 10 of rhe 
(0001) plane orieriLatlon, AlGaN or « buffer layer 11, 
Which is a semiconductor buffer layer, dad crystal growth 
of nitride semi conductor 12 through 16 to be aimed io 
carried out on the buffer layer 11 by Uie MBE method in 
order. In hiqh vacuum, a tempfirature of the ZrBz substrate 
lU is increased to 800 and an Al molecular beam, a Ga 

molecular beam and active nitrngRn supplied from a high 
frequency excitation plasma cell are supplied to start 
crystal gxuwLh. 

Here, one conductive type, which is one of p type 
and n type, of semiconductor contact layer 12 on the 
bufter layer 11 is made of n-GaN, for exaiiiple. The one 
conductive type of semiconductor r.nntact layer 12 contains 
approximately 1 X 10^"' to 10^^ atoms/cm^ of one conductive 
type of s«miconducror Impurity, such as silicon. 
Furtht^rmore^ a one conductive type of Sfe«uiconductor layor 
13 on the layer 12 is a cladding layer made of n-AlCaN^ 
for example. Moreover, a one conductive type of 
ocmiconductor layer 13 contains approximately 1 x 10^^ to 
10^® atnms/cm^ of one conductive type of semiconductor 
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iitqpurity, such as silicon. 

A light emllM-ing layer 14 ia formed on Uie layer 13 
and made of GaN, InQdN or the like. Hnre, the light 
eraircing layer U may have a quantum well stiuuture, a 
quantum thin line structure or a quanttua dot structure. 

A reverse conductive type, which is the oLher of p 
type and n type, of semiconductor layer 15 is formed on 
the layer Ifl and is a cladding layer made of p-AlGaN or 
the like, and conLdins" approximately 1 X 10^« t© 10^* 
atoms/cm" ot impurity which changes into a rtfverse 
conductive type, suuli as Mg or jsn. Here, this layer may 
contain a smaii amount of one or more selected £roni among 
In, P, As and the likw, 

A revnrse conductive type of semiconducUor contact 
layer 16 is formed on the layer 15 is mad© of zrBa, for 
example, and contains approximately 1 x 10** to 10^" 
atome/om' of impurity which changes into a reverse 
conductive type, such as Mg or Zn. A portion from the 
layer 16 to an upper jteqion of the layer !:> is partly 
etched and removed. 

Thereafter, uxie conductive l-ype of electrode 18 on 
the layer 1? is made of one or more selected from among Au, 
Al, Cr, Ti and Ni . Muxeover, a reverse conductive type of 
electrode 17 on the layer 16 io made of one or more 
selected from among Au, Al, Cr, Ti and Ni as well. 
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In this? way, this embodiiuent also realizes ran 
e^tuellent semiconductor apparatus with a omall lattice 
defect, by which a good characteristic can be expected. 
Here, a layer structure of the semiconductor apparatus is 
not restricted to the structux-e ahown In Fig. 1, and i t- 
uiciy be a structure such that nitride semiconductor layers 
112 to 117 are formed on onw principal surface ot a 
substrate 118 such as Fi.g. 8 described-aftpr, one 
electrode 111 is forme.d on LUe nitride semiconductor layer 
112 and another elftrtt-rode 119 is formed on another 
principal surface of the substraLe 118. 

Next, in rhe re^spective embodiments in Figs. 1 to 4, 
the result of a study of thts principal surface 34 ot thft 
substrate lU for preferably growing the nitride 
semiconductor layer and a mosL suitable orysral plane HI 
will be described. 

Step 1A2 

Firstly, sevftrsl s kinds of ZrB2 single crystal 
subetratoo 10 which have diflerent off angles (angles 91 
formed by the normal line 33 of the principal surface 34 
of the substrate 10 and the normal line 32 of r.hft (0001) 
plane 31) were prepared . The surface of ZrBg was cleansed 
by the use of an alkali solvent. 

Step 2A: 

Before the nitride semiconductor was grown, the 
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substrate 10 wqs heat«d foi three minutes in a hydrogen 
(H2) atmosphere (1 air pressure), and annealed at 1150 "C 
for one minute. 
Step 3A: 

After that, temperature was decreased for tivn 
iiiixiutes, and an AlGaN layer serving ae a ebmiconductor 
buffer layer 11 was grown. A qrowth temperatur.e was 
850 "C and film tninknwss was 20 nm at that moment. 
Further, ammonia {NH3) / trlmeUhylaluminum (TMAi) and 
Lrimethylgallivom d'MGa) were used ae eouroc gases, the 
amounts of oupplied NII3, TMAI dxid TMGa were 0.07 moi/min, 
8 pmol/mln and 11 iimoi/min, respectively, and 7 aim of H2 
was flown as a carrier gas. NH3 was supplied from one* 
minute betore sijppl.y of TMA. 

Step 4As 

Next, the tempnraturo was inqreaeod to 1150 "C, and 
GaN serving ao the nitride semiconductor layer 12 was 
grown to thicJcness of approximately 3 yuti. NII3 and TMGa. 
ware ueod ao aource gases, dxid the amount of suppl .led TMGa 
and NH3 were 44 pmol/min and 0.07 mol/min, respectively. 
Moreover, 3 aim of II2 was flown as a carrier gas. 

In microsnopi r. observation of eurf acoa of the GaN 
films 12 after growth, surfat;e» with much unavenness as 
shown in Fig. 5 (surface state B) and surfaces of smooth 
states aa shown in Pig. 6 (surface state A) w«re observed. 
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respectively « 

A relation between the off angles of the Zr^z single 
crystol aubatrates 10 cind the surface sti^^tRs of the grown 
films is shown in Fig. 7. Here, an angle 02 of deviation 
from a [0001] crystal ciAis 32 of the normal line 33 of the 
surface 34 ot thf^ substrate 10 in the [10 10] direuLlon, 
an angle 03 of devidUion of rhe same in t:h« [11-20] 
direction, and the sum of squares of these deviation 
angles 02^ + 63^) arts shown by the lines 37 and 38, 

respectively. Ail substrates that the sums of squaru^ of 
tho deviation angles w«re less than 0,7* kept good surface 
states of the surface state A. 

riegarding subs Lid Les that the sums o± squares of the 
deviation angles were 0.7® or more and less than 1-7®, 
both the surface state A and the surface statf^. R were 
Observed. Tt nan be concluded that this results from 
variation of operations in the growth experiment and 
states of thR device, and it ie believed that the ;;jurface 
state A can be reproduced by reducing the variation. In 
the case of nnbstrates that the oumo of squares \jL Lh« 
deviation angles were 1.7® or more^ almost all of the 
substrates kept the surface state B. 

From these resulLt», it became clear that in order to 
grow a nitride semiconductor layer containing one or more 
selected from among 13 qroup elements in a suitable 
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oryetal state and thus obtain a semiconductor apparatus 
which is excellent. i.n a characteristic such as the 
efficiency of light emiaaion, it is more desirable to make 
an angle 91 termed by the normal line 33 of the prinuipal 
surface 34 of the substrate 10 and the normal line 32 of 
Che (0001) planisi 31 to be 0' or more and less than 1.7-, 
and that in the castj forming a good quality nitride 
semiconductor layRr, a crystal angle of. the principal 
surface of the substUdLe has the af oremention«d allowance 
range. 

Although (1) a GaN growth layer is torm«=!d by the use 
of a zrHa substrate in the aforementioned embodimeiiL, it 
is also possible to £ox:m a nicrlde semiconduot.or layer 
containing a 13 group element^ ouch as a GaN growth layer, 
on (2) a single crysLdl substrate made ot TiRa or (3) a 
single nrystal substrate formod of solid solutions of ZrBa 
and TiB;^ in the same manner as described abovR^ and it is 
possible to appropriately change and embody the invention 
within the scope of 1-Ue invention. 

The fttfips in the invention will be sequentidHY 
described below. 

Fig. R is a sectional view showing a semicunductor 
apparatus of a light tsiuxtting diode annnrding to another 
embodiment of the invention. 

According to Uie invention, a diboririe single 
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crystal substidLe 118 expressed hy a chemical formula XD2 
is used, in which X containo at least one ul Ti, Zr, Nb 
and Ijf. 

This substrate 118 can be to a ZrB2 suba Urate, a TiBa 
oubstrate or a ZrxTii.xBa substrate, however, a method for 
carrying nni- vapor phase growth on the ZrBa 3ubi>Lrate by 
the MOVPE meLliod will be described in this embodiment. 

Stftp IB: 

The ZrB2 substrate 118 is cleanfiAri by the use of an 
alkali solvent , 
Step 2B: 

Before growth of a nitride semiconductor, the zrBp 
substrate 118 lb beared for chree minntRs in a hydrogen 
(H2) atmosphere (1 air pressure), and annealed at a 
temperature o£ H50 ''C for one minute. 

5itep 3B: 

After that, temperature was decrea.«!ed for about five 
minut.As, and an (AlN) « (GaN) buffer layer 117 Is 
deposited. 

It is good to set a growth temperature T within . a 
temperature ranq« o£ 400 ''C < T < MOO at this moment, 
and then grow the (AlN) x (GaN) i-x layex (0 < x ^ 1.0) from 
vapor phase as the buffer layer 117. 

Furfher, it is good to oct thickness of the 
(AlN)x(GaN)i,3c layer 117 within a range of 10 to =100 nm. 
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According to ^uch vapor phase, growth, used source gases 
are animon1« (NHd) , t rime thy laluroinum (TMA) and 
trimethylgallioiu (TMG) , the amounts of supplied TMA and 
TMG are, tor example, 7 pmol/min and H pniol/min, 
respectively, ttud 7 slm of h2 is f 1 nwn as a carrier gas. 
0-07 mol/min of NH3 is supplied from one mixiute before 
supply of TMA and TMg/ 
Step AU: 

Next, the substrate Is heated to 1150 "C, for 
example*, and an n-CaN contact layer IIC is yrown 1:0 
approximately 3 puu by the MOVFE method, for example. Used 
source gases are NHg and TMG, and the ^myunts of supplied 
TMG and NH3 dre, for example, 44 pmol /min and 0. 07, mol/min, 
reapfir.tively. 3 slm of is flown a carrier qas. 

Further, a cladding layer lib made of n-Al<3aN, a 
light emitting layer 114 mode of GaM, InGdN or the like, a 
cladding layer 113 made of p-Al<;aN, a contact layer 112 
madA of p-GaN and a p-olcctrode 111 axe formed, and an n- 
electrode 119 Is formed on a bacic surface of the substrate 
118. 

In the Cdftie of using thP. 'AvBz single crystal 
suhstrate 118, since such a structure thdL one electrode 
119 is arranen^d on the back snrtace of the subotrate 110 
is possible, there is an advantage thaL device area can be 
reduced. . 
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K&x^, an experimental example which was cam Ad out 
by Lhe inventors will tie rlfiscribed. 

Although the aforementioned steps IB ZO 4B WftrR 
executed sequentially, accorriing to the ©a^amplo, a 
deposition temperature was changed crnionq 400 **C, 72b •C, 
850 •'C and 1100 and film thickness was changed among 10 
nm, 20 nm^ 50 nm and 0.0 nm at step 33^ whereby various 
kinds of samples were prodnr.ed. 

Source gaaes were aiumonia (NH3) , trimethyl aluminum 
(TMA) and trlmethylgall i nijj (TMG) , the supply amounts of 
T^4A and TMG were 7 iimol/min and 11 vanol/min, respecrively, 
and 7 aim of Ha was fltiwn as a carrier gas, 0.07 mol/min 
of NHa was supplied from one minutw before supply of TCOA 
and TMG. Wext, at st«p 4B, tho substrate was heated to 
1150 "c and GaN was grown to approxiiuuLely 3 ymv Used 
source gases were NH, and TMG, and the amount e of oupplied 
TMG and NHs were 44 pmol/min and 0.07 itiol/min, 
respeccively. 3 Sim of H3 was flown as a carrier gas. 

The reoulta of the experimmiL on the various kind.<3 
of samples obtained by changing the deposition temperature 
and tho film thickness at step 3B described abovA ar-e 
shown in rig. 9, 

Fig. 9 shows photographs of sux faces of GaN films? in 
the case of growing the (Al N) ^ (GalJ) layer 117 at 
temperatures of 400 or less, 850 "C, and 1100 'C or 
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more. 

Further, a value of x, and a rockixia curve half 
value width or (0002) plane omegfl scan by an x-ray 
aifrraction method are shown on the right or description 
of the temperaLui-e qiven in each of the Fig. 9 (refer to 
Table 2) . 

The value of x is data oJatained by measuring the 
(AlN)K(KaN)i ^ films grown under the same condlLlon, by an 
EDX method. 
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(Table 2] 



Fig. 9 


Working exampie 
/Comparative example 


Depo55i.tion 
r RTnpexaTivijre T 


X 


Half 
value 
width 








( seconds ) 


(1) 


Compararive example 
1 


400 or less 


0 . R 


- 


t:f) 


Working example 1 


725 


0.6 


760 




Working example 2 


850 


0.5 


59€ 


(4) 


Working exampie 3 


925 


0.4 




(5) 


CoTnp^r^^itlve example 
2 


1100 or more 


0.25 


873 



Ah apparent: from r.hfis« results, the -GaN film wao not 
formed at 400 "^C or less, and the <SaN filiii had a hexagonal 
surfacjtt Bhape ax 1100 or more. The CaN filme had 
smooth surfaces at 850 ""and 725 "C. Here, Lhe rocking 
curve half value width was inoo seconds or less in every 
case that the growth temperature T was xwc^ rhan 400 "^C 
ctzid less rhan 1100 ^C. ♦ 

A relation between film thickness u£ Lhe 
(AlN)x(GaN)i-:>c layer deposited at 950 "C and the rocking 
rurve half value width of the (0002) plane umeqa scan by 
the X-ray dlfrracrion method i .s shown in Fig- 10. In a 
case where the layer wao grown in a settiiiy auch /chat the 
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film thickncofi was less than 10 nm, a surface stiah^ 
Uiexeof became rhe same as that at doposition temperatures 
400 ""C or leso. It can be reAd fLom the graph that r.hft 
hciir value width becomes inoo seconds or less between the 
film thickncoa 10 nm and 100 iim, 

Furcher, for comparison^ in a comparativG example 3, 
after the AlN layer was deposiL«U on the ZrB^ substrate at 
600 •'C, GaN was grown to approximately 3 )Am at 1150 **C. 
Source gases used at the time of growlnq the AlN layer 
were NH3 and TMA- Thft amounts of supplied TM2V and NHj as 
the Bouroco were 3.5 pmol/min and 0,07 mol/min, 
respectively, and ?.slm ot H2 was flown as a carrier gas- 
Conditions other than the above were Lhe same as those of 
the (AlN) X (GaW) i-H laye.r. The rocking curve half value 
width of tho (0002) plane omega 8Cc±n by X-ray dlffracclon 
was approximately inno seconds. 

Further, as a comparative e^cample 4, Instead ot 
growing the (AlN) « (G;^N) i ^ layer (0 < x < 1.0) from vapor 
phase, the GaN layer was grown at 4O0 '^C, and thereafter, 
according to step 4B, the temperature was increased to 
1150 ®C to grow the GaN layer to approximately 3 ]m by the 
MOVPE method- 
According to such vapor phase growth of the 
layer at a deposition temperature 400 **C, conditions were 
the same as those of the AlN layer except that the source 
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was replaced from TMA.to TMQ. 

As a resulr ot production in this manner in 
comparativo example 3,' the GaN film exfoliatftd from the 
SrB2 aubstrace right aw;9y after growth - 

Here, the invention i^ not restricted to the above 
embodiment, and can be rhanged and improved in various 
manners within the scope of Lhe invention. For Rxample, 
alLhouqh che Zrbs substrate was used ae the diboride 
single cryotal substrate, iu was confirmed by an 
eAperiment that, in place of the abovo oubstrate, a 
substrate such that a chemical formula is XB2 and X 155 Ti, 
Nb ur Hf or a combin^Jtion thereof also takes the 
operations and effects of th« Invention - 

According to the invention, a diboride single 
crystal oubotrate 210 expxesjsed by a chemical formula XBg 
is used, m which X nontains at least one of Ti, Sr, 
and Hf . 

This substrate 218 ran be to a ZrBz substrate, a TiBg 
substrate or a ZrxTii-KB2 subijLrate, however, a method for 
carrying out vapor phase growth on the ZrDg substrate 218 
by the MOVPE method will be described in r.his embodiment. 
Step IC; 

The 2rB2 substrate 218 is cleansed by thfi use of an 
alXdli solvent. 
. Step 2C; 
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Defoi-e growth of a nirride SBTutconductor layer 217, 
the arba subst-.rate 218 is heated for three niliautes in a 
hydrogen (Ha) atmosphere (1 air pressure), and annealed at 
a temperature of 1150 for one minute. 

Step 3C: 

Att.sr that, temperature io decreased fox about rive 
minutes, and an AlN layer 217 which Is low temperature 
buffer layer is deposited. 

At this moment, it is good to set a growth 
T-empRrature T within a temperature range o£ 800 "C or less, 
and grow the AIN layer 217 from vapor phase. Hbre, in the 
presAnt embodiment, the temperature is set to 600 "<:. 

Further, it is good to set the thicJcness of the AIN layer 
217 within a range of 10 nia to 250 nm. Here, in the 
en»bodiment, the Lhickness is set to 20 nm. 

According to euch vapor phase growth, ammonia (NH3) , 
triinethylalumintuti (TMA) and t rime thy 1 gallium (TMG) are 
usftfi as source gases, the amounts of supplied NHa and TMA 
are, for example, 0.07 mol/min and 3.^ pmol/min, 
respectively, and 4 elm of h-^ is flown as a «arfier gas. 
NH3 is supplied Xrom one minur.A hetore supply of TMA. 

Step 4C: 

Next, the substrate is heated to 1150 "C, for 
example, and a p-GaN contact layer 21G is grown to 
approximately 3 pm by Che MOVPE method, for example. Uocd 
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source gaaoo are NHs and TMQ, and the amounts of supplied 
TMQ and NH3 are, for example, 44 vanol/min and 0.07 mol/min, 
respectively. 3 slm Is flown a carrier gas. 

A cladding iay«r 215 made of n-CaN, a light emitting 
layer 214 made of inN, InGdN or the like, a <rTadding layer 
213 inade of p-GaN, a rontaet layer 212 made of p-GaN c*re 
formed on the p-type cuuLact layer 216 in this order, and 
a p electrode 211 are further formed. An n electrode 219 
is formed on a back suirfaye of the substrate ?18. 

In observannn of surfaces of the GaJH films 216 
after growth, an uneven surfdue as shown in tig. 13 
(surface state h) and a smooth surface as shown in Fi^j. 14 
(surface state A) are pbserved. 

Then, a relation i between an off angle 01 pr Lhe ZrBa 
single crystal substrate 218 and a surface state of the 
grown film is shown in Fig. 12. Hero, an angle 94 of 
deviation of a normal line 33 (refer to atoremRnt ioned Fig. 
12) on a surtaoe of a substrate 218 from a [0001] crystal 
axis 32 in the [ 10-10 1 direction, an angle flS of deviation 
of the same in the [11-201 direction, and the suiu of 
squares (- 94^ i OS^) thereof are shown by lines 236, 237 
and 238 in Fig. ly, respectively. All substrates Lhat the 
s;ams of squares of the off dixgle are 0.35 degrees or lees 
keep the surface state A. in the case of substrates that 
the sum of squares of Lhe off angles are between 0.35 
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degrees and 0.55 degrees, both the surface state A and the 
sux-race state B are observed, it can be concluded that 
this results from variaLlon of operations In the growth 
experiment and stat.«.s of the device, and it Is believed 
that tho ourface state A can be reprodu««d by reducing the 
variation. All anbstr-ates that the aums of squdxes* : of the 
off anglco are 0.55 deytees or more keep th« surface state 



B. 



Hero, the invention la not restricted to the above 
embodiment, and nan be changed and improved in various 
manners within the scope the Invention. For example, 
although the /.rHj substrate was usscd as the diboilde 
single crystal substrate 218, it was confirmed by an 
experiment that, in place of the above substrate, «» 
substrate ouch that a chemical formula is XRa and X is Ti, 
Nb or Hf or a combination thereof also takes the 
operations and effects of the invention. 

fig. Ih is a process view chewing a method for 
producing a nitride semiconductor device according to one 
embodiment or th« invention, and Pig. 16 shows a crystal 
structure of a single crystal substrate ilO which has a 
hexagonal crystal symmetry. 

Firotly, the step of crystal-grnwing a nitride 
semiconductor layer 313 on one principal surface of the 
single crystal substrate 310 will be described. 
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The aubatrate 310 used in the invention is a 
dlboride singi« rrystal substrate having a metallic or 
Bemimctallic characLeristic whose crystal str-ueture ie a 
hexagonal symmetry structure. 

Preferably, in Lhe case of using a diboride single 
crystal substratA expressed by, £or example, 2rB2>iJS the 
single crystal suba Urate 3l6 is shown in Fig. 1€, it is 
good to make t.h« (0001) plan© to bo the principal a»urraco 
of the substrate. 

Furrhftr, as compared with on insulating matarial, 
this oingle crystal aubatrate 310 has the same level of 
electric rtonrinctivity as semimetal because it is a hicjh 
electric conductor. 

Regarding ZrBg whose lattice constant a is 3.170 A, 
as compared with GaN ol wurtzite structure (a lattice 
constant: a = 3.189 A), a ration of a lattice mismaLch 
thereof is 0.60 % (-3 . 189-3 . 170) /3 . 170 j , which is small, 
and a dlffftrenc© in the coefficient of thermal isxpanslon 
is 2.7 X 10"Vk, and therefore, it achieves ah extremely 
highly matching combination, with the result Ui«tL it is 
possible to obtain a c|ood quality nitride semiconductor 
such chat a lai-.i-ice defect is small and stress between the 
substrate and the nitride semiconductor is small. 

In crystal growth of the buffer layer 311, d 
molecular beam epitaAy "(MBB) method, a m«i-alorgahie vapor 
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Phase ftpj.taxy (MOCVD) method, a hydride vapor phase 
opita^y (HVPB) lu^Lhod, a sublimation method and the like 
are Ui^ed. 

Furtheiv Lhese growth methnds may be used in 
combination. For example, it is possible ro use rhe MBR 
method or the MOCVD method, by which it is possible to 
grow while controlling a ourface state, £ur iniclal 
epitaxy growth, diid use the HVPE method, by which it ie 
posfsihle to grow at high opeeds, for a thick GaN thin film 
311 required. 

Firstly, a buffer layer 311 is formed, and then, a 
nitride semiconduc^Lor 312 and 3 1.^ ot required layer 
strur.tnre are formed. The buffer layer 311 etiid the 
nitride stttiii conductor 312 and are grown frwn vapor 

phase at growth temperatures of COO ®C Lo 1100 "c. 

According to such cry.stal growth, the substrate 310 
is h«ated by thermal conduotion from a su;iceptor heated by 
a heater oi* the like. Thermal p.nergy from the susccptor 
is thermally conducted to the single crvsLdl substrate 
(ZrB2 sub:5Lrate) 310 by thermal contact. Moreover, thermal 
energy is emitted as thermal radiation (infrared 
radiation) from the surface of the susceptor, other than 
by thft thermal contact- The single crysLdl substrate 3 10 
made of a uifciLallic or semlmetaJ 1 i r: substrate abeorbo the 
thermal radiation, and is heated. Beiny heated, Zr and B 
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diftuse a little into the nitride semi conductor an?, and 
313. 

Next, the step of eroding nud removing the single 
crystal substrate 310 by etching will be described. 

By applying rooist coat treaUtieiit to the whole 
surface kjC Lhe grown GaN thJttle film 313 by the uac of a 
photoresist 31-1, and etching with cin etching solution 
having a selective etching characteristic together with 
the ZrBg substrate 310, the ZrBg subsLrate 310 is 
completely eroded. After th«t, by exfoliating the 
photoresist 314 by the, use of an exfolidtion solution, a 
semiconduuLor apparatus JHi^d« ot a CaN thick film 311, 312 
and 313 are obtained. 

Thus, according to 1-he method for producing the 
semiconductor apparatus of the invenLlua, by go*ing through 
the sLeps as mentioned' abovw, it is possible to produce a 
nitride semiconductor apparatus with low dislocation 
deuiiity and without curving dislocation, and it ±9 
possible to obtain a high quality nitride semiconductor 
wiLhout inclining crystal orientation in the horisontal 
direction of the eubotrate and without producing a 
dislocdUion concentrating point within the plane of the 
sfimi conductor apparatuo . 

Next, an embodiment nr the invention such that a GaN 
apparatus is obtained by the use a ZrBp single cry.«;t-.al 
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substrate 310 will be described. 

In the process snown In Fig. is, steps A to F are 
executed secjuentially. 

SLep ID: 

An axamplo of forming end growing a burxer layer ."^l 1 
made oX GaN oh a substrate AlO of the (0001) plane of ErD2 
by using both the MOCVD method and the HVPE method is 
shown , 

On the ZrBj single crystal ftubsLrate 310 of che 
(0001) plane orientation, a buffer layer 311 io grown from 
vapor phase by the MOCVD method. 

As shown in Fig. ISA, the substrate 310 of the 
(0001) plan© of ZrBz io set in an MOCVD yiowth furnace, 
and Lhe temperature of the 7.rBa substrate 310 io increased 
to 800 "C in a high vacuum to start oxyatal growth. Atter 
UtdL, the temperature 3 a (increased to 600 *C to grow the 
buffer layer 311. The buffer layer 311 is made of AlGaN, 
wlioae raw materials are tri methyl alviminum (hereinafter 
referred to as TMA) , trimethylgalliuiii (hereinafter 
refei-red xo as TfaU) and ammonia gas, and grown to 
thickness of 0.1 jmbi 
Step 2D: 

As shown in Pig. ISD, the temperature of the 
substrate 310 is increased to 1050 "C, and a first 
semiconductor layer 312 is grown by the MOCVD method. 
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The first semiconductor layer 312 ia jnade of GaN^ 
whose raw materiaJ s are TMG and ammonia gas, and growii to 
thioknoco o£ 1 yxra. ; 

Step 3U: 

Tho substrate 312 yrown as Fig. 15B ia baleen out and 
moved into an HVPK furnace, where a sooond semiconduuLuf 
layer 313 is grown as ft>Uown in Fig. 15C. 

The HVPt: method is appropriate for production of a 
thick film of thickness or several score jam to sevftral 
hundred urn, because a growth speed in this method is 

higher than that in the MOCVD method. The second 

j 

semiconducror layer 313 is made of CaN, whose raw souiuey 
are gallium chloride and anunonia gas, and grown t.n 300 ^im. 
Step 4nr 

Then, the substrate grown as Shown In Fig. 1 5C is 
taken out, and a surface of the second GaN layet 313 is 
epin-coQted by a photo^ieftjiat 314 and subjected to baking 
treatment as shown in Fig. ISD. 

Stcp 5D: 

After thal-^ as shown in Fig. 15E, the ZrB2 sulj^j^rate 
310 is completely eroded by an etching solution composed 
Of nitric acid and hydrofluoric acid. 

The etching solution composed of nitric acid and 
hydrofluoric acid is excellent in selectivity, becau^^ a 
ratio of an etching xciLe of GaN and an etching rate of 
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ZrBa 13 lOU times or more 
Step UD: 

Atter hhat, the photorcoist 314 is exroliated by an 
exfoliation soluLion as shown in Pig. 15P, whereby a GaN 
semiconrfuctor apparat^a formed by a G.±N thick film dlli r:an 
be obtained. 

The invention may be embodied in oLher specific 
forma without departing from the spirit or essential 
Characteristics thereof. The present euibodimentis are 
therefore to be cuxiaidered in all respects as illuotrative 
and not restrictive, the scope of the inveuLion being 
indicated by the appended claims rather than by the 
foregoing description and all changes whii^U come within 
the meaniny and the range of equivalency of the claims are 
therefore intended to be embraced therein. 
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